Aerosol optical depth at 550 nm (AOD 550 ) and fine-mode (FM) fraction data from Terra-MODIS were obtained over the Greater Athens Area covering the period February 2000-December 2005. Based on both AOD 550 and FM values three main aerosol types have been discriminated corresponding to urban/industrial aerosols, clean maritime conditions, and coarse-mode, probably desert dust, particles. Five main sectors were identified for the classification of the air-mass trajectories, which were further used in the analysis of the (AOD 550 and FM data for the three aerosol types). The HYSPLIT model was used to compute back trajectories at three altitudes to investigate the relation between AOD 550 -FM and wind sector depending on the altitude. The accumulation of local pollution is favored in spring and corresponds to air masses at lower altitudes originating from Eastern Europe and the Balkan. Clean maritime conditions are rare over Athens, limited in the winter season and associated with air masses from the Western or Northwestern sector. The coarse-mode particles origin seems to be more complicated proportionally to the season. Thus, in summer the Northern sector dominates, while in the other seasons, and especially in spring, the air masses belong to the Southern sector enriched with Saharan dust aerosols.
Introduction
Atmospheric aerosols play a crucial role in the Earth's climate through scattering and absorption both solar and thermal radiation (direct effect), thus influencing the radiative and energy balance and/or acting as cloud condensation nuclei (indirect effect), affecting cloud albedo and lifetime, precipitation rate, and hydrology cycle [1] . The great effort spent over the last decades by the scientific community focusing on aerosol climatology and optical properties reflects the importance attributed to aerosols in controlling the Earth's climate [2] . Major advancements in this field have been achieved by the new generation of space borne instruments (e.g., Along Track Scanning Radiometer (ATSR-2) on board the European Space Agency (ESA-ERS2), Moderate Resolution Imaging Spectroradiometer (MODIS), and Multiangle Imaging Spectroradiometer (MISR) on board the NASA Terra, POLarization and Directionality of the Earth's Reflectances (POLDER) on board the ADEOS), specifically designed to provide detection and characterization of atmospheric aerosols [3] .
The Mediterranean Sea is one of the most affected areas regarding aerosol load in the world [4] . Due to the variety of the regions surrounding the Mediterranean basin, different aerosol types can be found within the basin, having both strong temporal and spatial distribution [4, 5] ; desert dust, originated from the Sahara desert, polluted aerosols produced mainly in urban and industrial centers of Continental and Eastern Europe, marine aerosols, formed over Mediterranean itself or transported from the North Atlantic, and biomass smoke often produced by seasonal forest fires.
Transport of Saharan dust from the North African arid regions towards Mediterranean and coastal Europe has been widely investigated, either in the form of statistical analyses or as "case studies" using ground-based instrumentation, sun photometers, lidar and satellite observations [6] [7] [8] [9] [10] . In contrast, studies for the particle transport from the 2 Advances in Meteorology European continent to the Mediterranean Sea are still limited. However, a growing scientific interest in this topic is now developed, and in this way an international effort to quantify the impact of anthropogenic emissions on the Eastern Mediterranean is represented by the Mediterranean Intensive Oxidant Study (MINOS) campaign. That campaign highlighted the important role of pollutants in the Mediterranean atmosphere during summer [11] . Pollution transfer models have also been successfully utilized to investigate the export pathways of air pollution from Europe [12, 13] . Nevertheless, the investigation of the export of pollutants from the industrialized areas surrounding the Eastern Mediterranean and Aegean Sea is not an easy task due to the fact that a large number of aerosols and gas precursors (including organic and inorganic compounds) contribute to it. Model calculations also indicate that pollutants emitted from Central and Eastern Europe are transported towards the Eastern Mediterranean [14] , and hence, anthropogenic aerosols and their direct radiative effects are considered to be significant. In addition to long-range transport, this region is affected from pollution caused by local metropolitan areas, such as Athens. The identification of clean marine conditions over Eastern Mediterranean is particularly rare, due to the influence of continental aerosols (natural and anthropogenic). Prospero et al. [15] investigated aerosols over different oceanic areas and reported that the Mediterranean ones were heavily contaminated by dust and anthropogenic pollutants. Moreover, Heintzenberg et al. [16] excluded Mediterranean and other closed seas (Baltic, Yellow Sea) as not representative for the investigation of chemical composition of marine aerosols.
The MODIS products of aerosol optical depth at (550 nm) (AOD 550 ) and fine-mode (FM) fraction were obtained over Athens covering the period February 2000-December 2005. These observations, in combination with the air-mass trajectories, aim to identify the aerosol types originating from different sectors and determine their seasonal optical properties. A recent work by Kaskaoutis et al. [17] investigated the optical properties of specific aerosol types over Athens, while Kosmopoulos et al. [18] analyzed the seasonal variation of three different aerosol types; both studies used the same data set. The main contribution of the present study, though, is the investigation of the prime pathways favoring the presence of specific aerosol types over Athens. Such a long-term (∼6 years) analysis associating the aerosol types and properties with air-mass trajectories constitutes the first study conducted over Athens. It is also highlighted that different aerosol types can occur simultaneously in the atmosphere transported by air masses of different origins. In addition, the major role of the vertical transport is underlined favoring the domination of different aerosol types in relation to the season and the synoptic meteorological patterns.
Data Collection

MODIS Retrievals. The Moderate Resolution Imaging
Spectroradiometer (MODIS) was launched in December 1999 on the polar orbiting NASA-EOS Terra spacecraft with a dayside equatorial 10:30 AM local crossing time. Aerosol retrievals from MODIS data are performed over land and ocean surfaces by means of two separate algorithms thoroughly described in Kaufman and Tanré [19] . The two aerosol products employed in this study are (1) the optical thickness at 550 nm (AOD 550 ) and (2) the fine-mode fraction (FM). The latter is derived as the ratio of optical depth of small mode versus effective optical depth at 550 nm. The MODIS aerosol products are only created for cloudfree regions, although Levy et al. [20] showed that MODIS can retrieve optical properties even in case that a 10 × 10 km pixel (Level 2) is about 90% cloudy. Both AOD 550 and FM data used in the present study were retrieved by MODIS and correspond to Collection 5 (C005) data. The FM fraction was initially given over ocean. Nevertheless, Chu et al. [21] showed that the separation of fine-and coarsemode particles is also possible over land by comparing the path radiances at 660 and 470 nm. Therefore, FM can also be obtained over land and coastal areas.
The validation of MODIS aerosol products is usually achieved by comparing them with the AERONET AOD data [22] . The retrieval accuracy is (±0.05 ± 0.2 AOD) over land [23] and (±0.03 ± 0.05 AOD) over ocean [24] . Over land, even larger errors can be found in coastal zones due to subpixel water contamination. This effect tends to produce AOD overestimation [21] . Similarly, a significant water-color contribution can reduce the ocean AOD retrieval quality in coastal areas. At higher AOD values accompanied with desert aerosols larger uncertainty is caused in their retrieval due to the complexity of the dust nonsphericity problem [24, 25] . Analyzing numerous Mediterranean sites, Remer et al. [24] indicated that the particle size-dependent parameters (such as FM) are retrieved with an accuracy of ±25%. Even though both AOD 550 and FM values corresponding to new Collection 5 datasets [20, 26] are more accurate than the previous version, Collection 4 [27] , shows an overestimation for low AOD 550 values and underestimation for high AOD 550 values compared to AERONET retrievals. Unfortunately, such an intercomparison cannot be performed over Athens during the study period because of lack of ground-based data.
The MODIS aerosol products (AOD 550 and FM) provided over Athens in a spatial resolution of 1
• ×1
• (Level 3). A total of 1804 daily data were collected from 26 February 2000 to 31 December 2005 [17, 18] . The winter, spring, summer, and autumn days represent the 20.8%, 25.7%, 28.4%, and 25.1% of the whole dataset, respectively. Thanks to the longterm period (2000) (2001) (2002) (2003) (2004) (2005) the MODIS data are employed to evaluate the seasonal variability of the aerosol types over the region.
HYSLPIT Retrievals.
The HYSPLIT model [28] is used for the identification of the main sectors, which favors the presence of specific aerosol types over Athens. Three different altitudes are used for the sector discrimination since the various aerosol types over Mediterranean coming from different directions are mainly transported in different Advances in Meteorology 3 altitudes. Air mass back-trajectories ending at Athens at three altitudes, 500, 1000, and 4000 m a.s.l., are calculated by the HYSPLIT model including model vertical wind. The National Center for Environmental Prediction (NCEP) reanalysis is used as model input. The HYSPLIT back trajectories refer to 11:00 UTC close to the Terra-MODIS overpass, on a daily basis. Previous investigations on Saharan dust outbreaks in Athens [29] and Northern Greece [30] showed that the dust outflow from the Sahara to the Eastern Mediterranean occurs mainly in the first 4-5 km. Therefore, the selection of the 4000 m altitude for the identification of the Saharan dust particles is appropriate. The trajectory ending at 1000 m is associated with cases of dust transported in the lower atmospheric layers, or when the mixed layer is low as in winter [31] , conversely, when air masses originate from other regions (e.g., continental Europe) are generally observed within the lowest 2-3 km [11] .
Methodology
Identification of the Aerosol Types.
In order to reduce the complexity of the aerosol field, some general types can be determined depending on the aerosol origin and optical properties. Over Athens, three main aerosol types are expected to be dominant in the atmospheric load: (1) continental aerosols produced by local industries, anthropogenic activities, or seasonal forest fires, (2) maritime aerosols produced at the sea surface by the winds, and (3) desert dust originating from the North African arid regions. Due to their different origins, these aerosol types generally show remarkably different optical and physicochemical characteristics [32] . More specifically, in urban environments aerosol optical properties are dominated by fine-mode particles [33] , while desert dust is strongly contaminated by coarse particles [34] . In marine environments, the relative contribution of coarse particles, although variable [35] , is general higher than in urban atmospheres and lower than for desert dust. A method originally proposed by Barnaba and Gobbi [4] was implemented to distinguish three main aerosol types over Athens, urban/industrial (UI), clean maritime (CM), and desert dust (DD). Based on the combination of AOD 550 and FM values, the presence of the three aerosol types was separated over Athens on seasonal basis [17] . The method was based on the sensitivity of the two parameters to different, somewhat independent, microphysical aerosol properties: the fine-mode fraction depends on the size of the particles, while AOD 550 depends both on the aerosol column density and, secondarily, on size. For the identification of UI aerosols the AOD 550 values above 0.2 associated with significant FM contribution to the total AOD (above 80%) were obtained, while the threshold values for the DD aerosols were AOD 550 > 0.3 and FM < 0.6. The CM conditions occurred for AOD 550 < 0.2 and FM < 0.7. The cases not belonging in any of these groups are characterized as "undetermined" (mixed) aerosols and have been excluded from the present analysis. It was found [17] that these cases constitute the 46.6% of the whole dataset (842 out of 1804). The remaining 442 cases (24.5%) belong to the UI type, 183 (10.2%) correspond to CM conditions, while 337 (18.7%) to DD. Because of its simplicity, the discrimination method used is associated with some arbitrariness (e.g., incorrect aerosol-type interpretation), particularly at the threshold values between the aerosol types. However, the inclusion of the "undetermined" aerosol type takes provision for overestimating the presence of UI, CM, or DD aerosols. Despite its simplicity, this scheme seems to be appropriate for the aerosol discrimination over Athens as previous studies proved [17, 18] . Moreover, it was found that the UI aerosols are associated with air masses from the European sector, the CM conditions with fast moving Atlantic air masses, while the coarse-mode aerosols, probably DD, were related with air masses from the African continent. All the above give credit to the validity of the discrimination scheme and the relationship between the different aerosol types with air masses from their favorable sector. All these are quite important especially in the absence of ground-based measurements for justification of the satellite retrievals. However, the present results are in close agreement with previous studies over Eastern Mediterranean and Greece, which used ground-based measurements.
Identification of the Aerosol
Origin. Four-day back trajectories ending at Athens were calculated by means of the HYSPLIT dispersion model to identify the origin of the air masses. The 4-day analysis seems to be appropriate for the scope of the study, since the air masses can be transported over long distances, such as North Atlantic and Europe before reaching over Athens. Furthermore, it was found that the use of 4 or 6 days does not significantly deviate the results. Each computed trajectory is associated with the corresponding aerosol optical characteristics. However, relating columnintegrated quantities to trajectories at specific altitudes maybe problematic and does not give a clear view of the dominant aerosol type. It was found that the definition of the sector might be different proportionally to the air mass altitude used. Therefore, great differences in the aerosol origin may be revealed if the analysis is based on back trajectories in the free troposphere (4000 m) or in the boundary layer (1000 and 500 m). This investigation constitutes the main goal of the present study. Nevertheless, back trajectories have been widely used in connection with aerosol optical depth andÅngström exponent [36] [37] [38] (e) a local sector including continental Greece and neighboring Balkan countries, Aegean Sea, and the Libyan Sea; the dominant aerosol type is of local emissions (mainly anthropogenic) and in some cases dust transported from Libya.
However, a degree of arbitrariness in the definition of the sectors exists, due to the effective distribution of the sources. Nevertheless, Pace et al. [36] showed that a little change in the borders of the sectors does not significantly affect the results on climatological basis. Also, they found that the use of different back-trajectories with varying duration (3 or 7 days) does not significantly modify the average optical properties in each sector. Therefore, the simple trajectory classification scheme ( Figure 1 ) appears sufficiently robust to allow the identification of the main aerosol types. Previous studies (e.g., [39] ) identified the air-mass origin sector by considering the time spent along the trajectory or using more sophisticated correlation methodologies [39] or cluster analysis [30] . Furthermore, previous results showed that dust could be detected even after a quick passage over the African continent [40] . Therefore, the time spent in each sector or the start of the air mass 4 days before reaching over Athens does not always provide reliable information about the aerosol origin. For this reason a different method was used to identify the air mass sector, taking into account the altitude of the air trajectories and possible interactions with the boundary layer. The same method has been developed and used by Pace et al. [36] and Meloni et al. [31] , while an extensive description is given there. Nevertheless, a briefly overview is provided here.
It is assumed that the aerosol origin is confined to the mixed layer at the source location, when the air mass is inside the mixed layer at the source location. When this is not the case, the source of the trajectory is defined in the sector where the air mass interacts with the mixed layer. This criterion is satisfied when the air mass altitude is lower or close to the altitude of the mixed layer. The mixed layer is defined by the HYSPLIT model as the height where the potential temperature first exceeds the surface value by 2 K, while a minimum value of 250 m is assumed [36] . If this condition is met more than once and at different sectors along the trajectory path, the sector is defined as the one where the air mass spends most of the time inside the boundary layer. In almost all the cases (95%) this criterion was satisfied for the air masses ending at 1000 m, while for 70% of the air masses ending at 4000 m this criterion was not met. Nevertheless, the majority of the air masses at 4000 m coming from North Africa satisfy this criterion, since the mixed-layer altitude is much larger over the African continent [31] . In the cases where the above criterion is not satisfied, the sector is defined as the one where the air mass spends more time. In order to include an air mass to B sector, it must spend more than ∼75% of the 4 days above sea surface (Atlantic Ocean and/or Mediterranean Sea).
Results and Discussion
In the present study the aerosol properties (AOD 550 and FM) are computed over Athens for each sector and trajectory altitude, separately. It is obvious (see Tables 1, 2 , 3, and 4) that the number of occurrences in each sector and the mean AOD 550 and FM values differentiate proportionally to the air-mass altitude used for the sector definition. Therefore, the choice of the air-mass altitude constitutes the most complicated parameter for the sector identification and, as a consequence, the investigation on the computed differences constitutes a real challenge. Table 1 summarizes the number of occurrences in each sector based on the three altitudes selected. Regarding the whole dataset (Table 1) it is concluded that the choice of the air-trajectory altitude for the sector identification plays a very crucial role, since large variations can emerge for the air masses traveling within the boundary layer and in the free troposphere. Regarding the lower altitude (500 m) it is seen that the majority of the air masses correspond to Northwestern (33%) and Northern (30%) directions, while these originating from the Atlantic Ocean are very few (only 9%). A rather significant fraction (16%) corresponds to air masses of Saharan origin, thus leading to vertical dust transport [41] . It is also worth noticing that the majority of the cases belonging to local emissions (sector E) correspond to air masses in the lower atmospheric layers. As the altitude increases, the air mass changes sector with preference to western directions due to the dominant western flow in the free troposphere occurring in the temperate zone. Thus, the Atlantic air masses (sector B) represent 50% of the air masses over Athens in the free troposphere (4000 m). Furthermore, a large fraction (24%) corresponds to African air masses, suggesting that the Saharan outflow over Eastern Mediterranean occurs mainly in the free troposphere. On the other hand, only few cases correspond to air masses from Northeast or local origin at 4000 m. Very interesting findings can be revealed when the above analysis is performed for each season. In Figure 2 the seasonal frequency distribution (%) of the air masses is given for any altitude and sector together with the number of available cases, N. In winter, the majority of the air masses, specifically at 4000 m, belong to Sector B, further verifying the clean atmospheric conditions occurred in this season [18] . This distribution is essentially produced by the annual evolution of the meteorological synoptic patterns over the Eastern Mediterranean, with strong Northwestern and Western winds in winter as a consequence of the cyclonic circulation patterns. The Saharan air masses exhibit almost the same frequency with the C sector while that of the other two directions is very low. In spring and summer the above situation is clearly reversed since the majority of the air masses influencing Athens belong to the Northwestern and Northeastern directions, especially for air masses within the boundary layer. In summer, a strong North pressure gradient 6 Advances in Meteorology is developed over the Aegean Sea as a consequence of the combined effects of the North Balkan high-pressure system with the low-pressure one developed in Eastern Levantine Basin. This pressure pattern is associated with air masses from the Northern Balkan countries, whilst the Etesians are quite strong in many cases. These winds carry either pollution and biomass-burning aerosols, affecting mainly Northern Greece [42, 43] , or sea-spray particles from the Aegean Sea before reaching Athens. This is the reason for the dominance of the D sector in late spring and summer. Our results are in agreement with those of Stohl et al. [12] and Duncan and Bey [13] , who show that the main continental outflow at the lower atmospheric levels towards the Eastern Mediterranean occurs during summer; this flow is greatly reduced during the other seasons. Also, a significant fraction (18%-28%) corresponds to air masses from Saharan desert especially at the 4000-m altitude. A recent work by Sciare et al. [44] investigated the contribution of different aerosol sources in the Eastern Mediterranean basin, showing that this region is influenced by a wide range of air masses originating mainly from Europe and Africa during summertime. In autumn all the sectors contribute almost in the same way to the air masses reaching Athens, with a shift towards West as the altitude increases. For a more detailed analysis in the followings, the air-mass classification is given for each aerosol type separately aiming at investigating about the main pathways favoring the presence of specific aerosol types over Athens.
Seasonal Distribution of the Back Trajectories.
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Main Sectors for the Occurrence of Each Aerosol Type.
In this Section the above analysis is divided into three classes according to the dominant aerosol type over Athens and the criteria described in Section 3. For cases corresponding to the UI type, the majority of the trajectories belong to the Northeastern Sector (see Figure 3 and Table 2 ). The main finding regarding the favorable direction for UI type over Athens leads to a Northern flow, mainly from Eastern Europe, within the boundary layer (500 and 1000 m). In contrast, the use of the air masses at 4000 m shows a preferable western and south direction in agreement with the western circulation patterns occurring in the free atmosphere at Northern mid latitudes. Note that a significant number of African air masses (9%-21%) can be characterized as UI aerosols in the Athens urban environment. In these cases the Saharan outflow is weak and the boundary layer anthropogenic aerosols dominate. Therefore, the necessity of using vertical aerosol profiles in order to distinguish different aerosol types in an urban environment is obvious [29] . Air masses belonging to Sector A can have high FM values (such as 0.93) indicative of anthropogenic rather than Saharan dust aerosols. This fact was also obvious in Lampedusa [36] where in some cases dust-loading air masses were mixed with smoke aerosols from forest fires in the coastal areas of Algeria. Moreover, the occurrence of UI conditions is not favored by Atlantic air masses at the lower altitudes, since they strongly interact with the marine boundary layer. Inversely, a significant contribution to these conditions (13%-16%) is provided by the local air masses within the boundary layer favored under stagnant atmospheric conditions. The air-trajectory pattern suggests a prevalent northerly flow at the lower altitudes, where transport of pollutants mainly occurs [42] . In addition, Lelieveld et al. [11] revealed a dominant northerly flow below 4 km in Crete, further confirming our results and those of Stohl et al. [12] and Duncan and Bey [13] . Conversely, in the middle and upper troposphere, Lelieveld et al. [11] found westerly/southerly winds to prevail over Crete. Similarly to the latter, the present analysis for the UI aerosol type over Athens reveals considerable influence from westerly air masses (47%) at 4000 m compared to only 3% in the boundary layer ( Table 2 ). The close agreement of the present results with those of previous studies supports the validity of the identification scheme for the aerosol type discrimination [17] and, in general, the satellite retrievals and the methodology used despite the lack of intercomparison with groundbased measurements.
Regarding the air masses favoring the presence of CM conditions over Athens (Figure 4, Table 3 ) it is obvious that the B and C Sectors dominate. The majority of the air masses from Sector B belong to the free troposphere (4000 m) for the reasons mentioned above. These results are in agreement with relevant studies in Northern Greece [30] who found more transparent atmospheric conditions associated with air masses from the Atlantic Ocean and Western Europe. Pay attention also to the very low frequencies related to the D and E Sectors, both favoring the trans-boundary pollution transport or the accumulation of aerosols. It is also worth mentioning the significant fraction of air masses from the African continent (12%-17%) that, in general, do not favor the presence of clean atmospheres over Mediterranean. It was found that in these cases either is the dust outflow very weak or wet scavenging via precipitation occurs during its transport over Mediterranean before reaching Athens. It was also found that 70% of these cases include precipitation over Athens, while the majority of the air masses belonging to Sector C have initial Atlantic origin.
As expected, the DD aerosol type occurs mainly from air masses originating from the Sahara desert, especially for air trajectories at 4000 m (35%, see Table 4 ). Thus, it is concluded that the 4000 m level for the identification of Saharan outflows is reliable as has also been suggested from a variety of studies [40, 45] . The most unexpected feature is the high occurrence of air masses from C (32%-36%) and D (16%-20%) Sectors within the boundary layer (1000 m and 500 m), which favor the presence of DD type over Athens. As clearly mentioned above, only a fraction of the DD type corresponds to dust particles and the occurrence of such aerosols associated with a northern flow maybe related to sea-spray or soil coarse-mode particles lifted from the Aegean Sea and transported above Athens. There should be noticed the great differences in the occurrence of DD type revealed from the trajectory analysis ( Figure 5) . Thus, the Saharan dust aerosols originating from the Sector A are mainly identified by the trajectories at 4000 m, while the coarse-mode particles from northern directions (mainly soil materials and sea spray) seem to travel within the boundary layer. As also expected, the presence of DD type associated with Atlantic air masses is low, mainly occurring in cases that these air masses (specifically at 4000 m) pass near the African continent. It was also found (not presented) that nearly the whole of the air masses originating from Sector E, and associated with DD aerosols over Athens, come from the south direction (North Libyan Sea) enriched with desert particles.
The above fractions are strongly modified proportionally to the season, and this will be further analyzed. This seasonal variation is mainly driven by the meteorological and synoptic circulation patterns over Eastern Mediterranean, the local emissions, the meteorological fields favoring the dust outbreaks, the wind speed and direction, and the removal processes. The above analysis is repeated for each individual season in order to establish the differences in the frequency of occurrence for each Sector.
The dominance of UI type in spring is apparent in Figure 6 (N = 195) . The back trajectory distribution of UI type in spring is closely related to the whole dataset ( Figure 2 ). In winter, despite the low occurrence of the UI type (N = 34), its presence is favored by air masses from the D Sector for air masses within the boundary layer. The large occurrence of air masses from the B Sector at 4000 m is not associated with local pollution, which is mainly attributed to air masses in the boundary layer. Furthermore, significant contribution to the UI type is provided by the local stagnant air masses (Sector E) mainly in the warm period of the year.
Clean maritime conditions are rare over Athens, occurring mainly in winter, and are generally associated with air masses originating from North Atlantic and to a lesser extent from Western and Central Europe (Figure 7 , Table 3 ). The CM cases belonging to Sector C are associated with fast-moving air masses exhibiting a descent trajectory when reaching Athens, thus not carrying air pollutants from Continental Europe. Note also that these air masses are very few in spring and summer, when they contribute to the transboundary air pollution ( Figure 6 ). It is also worth noticing that in all seasons the CM conditions over Athens associated with Sectors D and E are nearly absent at any level. CM conditions can also be found from air masses originating from the African region. Note that nearly all of them occur in winter and autumn and none in summer. The majority of them are associated with wet removal processes before reaching Athens.
The most interesting features regarding the seasonal distribution of the trajectories are depicted for the DD type ( Figure 8 , Table 4 ). Figure 8 gives support to our previous statements regarding different origins of the coarse-mode particles (referred to as DD) proportionally to the season. Thus, in winter nearly the whole of the DD cases are associated with air masses from Saharan origin (sector A). It is also worth noticing that the African air masses carry desert-dust aerosols at all altitudes favoring the vertical dust transport this season, a feature which is in close agreement with Kalivitis et al. [41] results. In spring, the Saharan contribution to the coarse particles remains the dominant process, with the only difference being the higher number of air masses at 4000 m (70%) enhancing the dust transport in the free troposphere. In further contrast, in summer the above situation is reversed and the coarsemode particles are most associated with air masses from northern directions, Sectors C and D. The lower AOD 550 values of the DD type in summer compared to the spring ones also verify our assumptions, as only part of these DD cases is associated with Saharan desert-dust particles. In early autumn, a similar situation seems to exist, while in late autumn the conditions approach those of winter. Therefore, in autumn similar percentages of the C and A Sectors take place. Regarding the Saharan outflow, the upper troposphere transport dominates in summer and the vertical in autumn, in agreement with the transport observed over Crete [41] . All the above findings are presented in Figure 9 , where the differences in the occurrences of each aerosol type proportionally to the transport altitude are clearly depicted.
Back Trajectories and Aerosol Properties.
In this section the AOD 550 and FM values for each aerosol type are studied with respect to the back trajectories at the three altitudes selected. The mean and the standard deviations of the AOD 550 and FM values are given in Tables 1, 2, 3 and 4 for the whole dataset, UI, CM, and DD aerosol types, respectively. The number of the available data is also given for each sector and air-mass altitude.
Values of AOD 550 and FM averaged over the whole experimental period are about 0.38 and 0.61 for Sector A, while the lowest values (∼0. 34 and ∼0.58) are associated with air masses from Sector B. The lowest AOD 550 and FM from this sector are expected because of the dominance of marine aerosols. On the other hand, the highest AOD 550 (∼0.37-0.40) in conjunction with the highest FM values (0.63-0.65) are associated with pollution air masses from Eastern Europe and local emissions (Sectors D and E, resp.). Zerefos et al. [43] showed enhanced columnar SO 2 values over northern Greece that correspond to northeastern directions mainly during summertime, providing further evidence for the pollution transport. In addition, this sector has been also affected by severe biomass burning episodes [46] . Sector E is representative mostly for local circulation patterns, and therefore, the enhanced AOD 550 and FM values should be attributed to local pollution with some enhancement at the higher altitudes by Saharan dust from Libya (see the higher AOD 550 values at 4000 m). Finally, a great part of the measurements at all altitudes (17%-35%) corresponds to Sector C, which is representative at northwestern flow from Central Europe. The lower AOD 550 compared to Sector D could be a consequence of the control in emissions and air pollution in the countries of Western and Central Europe. It is obvious that for the whole dataset the differences in the air-mass altitudes and in the number of trajectory occurrences do not affect the aerosol properties in the vertical. Nevertheless, larger differences are computed for the FM values rather than AOD 550 . These results are in agreement with those presented by Pace et al. [36] who prepared a similar sensitivity study changing the border of the sectors and the duration of the back-trajectories. They also found higher differences in α-Ångström rather than AOD. The mean AOD 550 and FM values computed in our analysis are in close agreement with the results obtained for Northern Greece by Amiridis et al. [30] , who found higher AODs to correspond to eastern, local, and southern sectors and lower for the western. These also agree with the results conducted by Formenti et al. [39] at Mount Athos (North Greece) in June-September 1998. They found that the largest values of α correspond to air masses coming from Eastern Europe and former Soviet Union. Furthermore, Pace et al. [36] found that low values of α-Ångström at Lampedusa were measured for air masses coming from North Africa, while air masses originating from Europe showed progressively increasing values. Table 2 in this parameter are negligible. Also, very high AOD 550 values, varying from 0.42 to 0.48, are computed almost independently from the sector and the air-mass altitude. As previously mentioned, the UI type is favored by air masses within the boundary layer and the aerosol properties can more safely be studied for trajectories at 500 and 1000 m. Therefore, the higher AOD 550 is associated with air masses from the Sectors D and E, further confirming the transport or the accumulation of pollutants. On the other hand, higher variations are observed regarding the FM values. Therefore, the higher contribution of the coarse-mode particles (desert dust or sea spray) as well as the contribution of the fine-mode aerosols (local or transported pollution) to the total AOD 550 is more intense for the Sectors A, B (0.46-0.51) and D, E (0.55-0.62), respectively. As regards the DD type, it was established that this type can be divided into two groups: (a) desert-dust aerosols of Saharan origin and (b) coarse-mode particles (seaspray or soil dust) from northern directions. The AOD 550 and FM values at the three altitudes presented in Table  4 further confirm the previous assumptions. An increase in AOD 550 values (from 0.53 to 0.57) from Sector A is observed as the air-mass altitude increases; this suggests that the dust transport over GAA occurs mainly in the free troposphere. Inversely, lower AOD 550 values (0.49 to 0.54) correspond to Sector D, exhibiting a decreasing trend with the air-mass altitude. As expected, the lowest AOD 550 values (0.44) are associated with air masses from the Atlantic Ocean. Another interesting feature is the very high AOD 550 value (0.59 ± 0.24), despite the limited number of cases (12) , corresponding to air masses at 4000 m from Sector E. Additionally, even in cases when DD is the dominant aerosol type in the vertical, the local emissions and the anthropogenic aerosols associated with Sectors D and E increase the FM values, which are the lowest for air masses originating in Sector B. Figure 9 : Contour plot of the seasonal frequency distribution of the air-mass trajectories at three atmospheric levels over GAA for all aerosol types. The white gaps correspond to lack of data. , which are consistent with those of maritime aerosols. However, the identification of the aerosol type and properties based on air-mass trajectories is a rather difficult thing due to fast changes in the aerosol vertical distribution, which is caused by air masses of different origins in the vertical column. Many variations in the observed patterns of the aerosol types were attributed to the transport origins and meteorological conditions. Overall, this may overemphasize the importance of the processes relative to chemistry, emissions source strengths, and local influences on the observed variability of the aerosol type and properties. The close agreement of our results with other studies and chemical transport models gives credit to the analysis used in order to identify the transport mechanisms of different aerosol types over Athens. Therefore, the present methodology seems to be sufficient in monitoring the long-range transport of aerosols and pollutants at different atmospheric levels and can also be applicable for air-quality studies. However, despite the consistency of the present results with those of chemical transport models, the long-range transport may not always be the most importance factor in determining the observed aerosol properties over Athens. Therefore, some open issues still exist. How does the strong seasonal variability in the aerosol sources, such as secondary organic aerosols or photochemical pollution, affect the variability in the observed aerosol types? How does the effectiveness of sulfate aerosol formation in cloud processing impact the results? How does the mass of aerosols transported along any given trajectory vary or weigh the importance of that trajectory in the overall analysis? The approach taken in this manuscript cannot really address such issues, which would require chemical transport modeling to understand.
Conclusions
